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1 Abstract
The World Wide Web has undergone huge growth
in recent decades, but has evolved into a huge tan-
gle of one-way and broken links. The ’xanalogi-
cal model of electronic media’, Xanadu1, proposes
to solve these problems with a powerful, ﬂexible,
structure. But are we willing to break away from
our paper-modelled paradigms and embrace the
changes that this connected approach would bring?
This paper examines the difﬁculties in carrying out
the radical transitions that would bring about the
visions of Xanadu and whether it will be accepted
by authors, publishers and users.
1.1 Keywords
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2 Introduction
Widely recognised as the creator of Hypertext,
Ted Nelson has been promoting the visions of
Xanadu as an alternative to our current paper-
styled computing methods. Xanadu is radically
different from our present systems, and as such
it requires close examination to ensure that it will
be accepted by the public and academic commu-
nity. Transitional requirements would include a
new ﬁle-system architecture, a byte-oriented pay-
ment scheme, a method of copyright that is suited
1Xanadu is an international trade and service mark of
Project Xanadu, Sausalito, California
for the transclusion2 model, and a community will-
ing to adopt the new system.
This paper examines these requirements and
asks whether Xanadu will be able to reach the ex-
pectations that have been set down. To achieve
this I will examine the technological, social, and
legal perspectives on the concepts behind Xanadu,
and determine whether the system will be imple-
mentable in its current state.
3 Background
Since its creation at Xerox PARC, the idea of
a computer ’desktop’ has become commonplace.
Threefeaturesare keytothis concept: folders, doc-
uments, and windows. The aim was to translate
the user’s work environment - a desk - from the
horizontal into the vertical plane so as to minimise
the effort required to learn the interface. The ﬁle-
systemunder this environment is hierarchical, with
disks and folders as the nodes, and documents as
the leaves. Invariably the restrictions of the desk-
top mean that it is necessary for the ’tree’ to be-
come a graph with shortcuts from folder to folder
and from ﬁle to ﬁle. This complicates navigabil-
ity immensely, and creates an unnecessary amount
of complexity. Xanadu aims to address this by pro-
viding a system for deposit, delivery, and continual
revision of linked hypermedia [Nel88] which relies
on the natural links between documents.
2Transclusions are items that exist in more than one place
at once, a concept achieved by Xanadu through virtual copy-
ing (similar to symbolic linkage under modern UNIX ﬁlesys-
tems).
1Figure 1: How the FEBE (Front End to Back End) and BEBE (Back End to Back End) protocols ﬁt into
the client-server architecture. Clients (top row) interact with the back-end servers via FEBE, while the
servers (bottom row) interact between themselves with BEBE.
The ﬁrst major change that Xanadu describes is
the ﬁle storage system itself. Rather than storing
only native bytes, a document under Xanadu con-
tains both native bytes and ’inclusions’. These are
links that can point to parts of other documents,
and hence enable the author to transquote portions
of relevant media. Using these alterations and an
addressing scheme known as ’tumblers’ it is pos-
sible to include information from a huge number
of documents, and provide a categorisation system
similar to Dewey decimal. Each tumbler is deﬁned
as 4 humber3 ﬁelds separated by a ‘.0.’ value. The
ﬁelds respectively deﬁne the server, user, docu-
ment, and contents - and these ﬁelds can be further
split to allow specialisation. For example, a value
of 2.352 in the contents portion could refer to the
352nd link in the document. To allow easy con-
nection of Xanadu machines, the architecture con-
tains two protocols: FEBE, the Front End to Back
End protocol, and BEBE, the Back End to Back
End protocol. FEBE provides instructions for in-
sertion and deletion and for the rearrangement of
3Humungous Numbers are a numbering system deﬁned by
Nelson. They consist of one byte which contains a ‘comple-
tion bit’, and n extra bytes. If the completion bit (the MSB)
is set, the other 7 bits specify the byte length of the number.
Otherwise they specify a byte of the number.
documents[Nel88], while BEBE allows the con-
nection of many Xanadu networks. Each Xanadu
node enables the user to navigate through the docu-
verse4, traversing bi-directional links to the origi-
nal work, or further derivatives of the current work.
If the publisher chooses, he can levy a ‘micropay-
ment’ (literally a ‘small charge’) based on a rate
per byte, and this provides royalties whenever ‘na-
tive bytes’ of his work are viewed. In order to pre-
serve ownership, Nelson proposes transcopyright,
a mechanism by which authors allow their work to
be altered providing it is used in context. The pro-
posal states that a publisher may choose to use his
own copyright (shareware, for example), but this
creates a number of issues, covered later in this pa-
per.
Versioning of documents is easily handled
through Xanadu with a CVS [CVS] style version
control. As differences are stored rather than dis-
crete versions, it is simple to provide a ﬁne granu-
larity of change control.
Xanadu is a highly innovative concept, and yet
it has so far only inﬂuenced others to include
the ideas of transclusion into their own work (the
4‘Document Universe’ - a term coined by Ted Nelson to
describe a ‘global distributed electronic library of intercon-
nected documents’ [Gua95]
2World Wide Web being the obvious, yet much ma-
ligned, choice). The software of Xanadu has been
under development for decades, and some believe
it will always be under development. I put forward
the question: ifXanaduadheres to its current struc-
ture, will it be adopted even if it is completed?
4 Technical View
Xanadu is, in essence, a huge network of docu-
ments, with connections between each document
and those on which it relies, as well as between
the document and those that rely on it. The very
strong need for dependency results in an equally
strong need for persistence, as one lost node could
result in hundreds or thousands of incomplete doc-
uments. A form of mirroring or proxying would
aid this, yet these are only added solutions to repli-
cate the World Wide Web [Pou]. One solution to
this would be some form of cooperative mirror-
ing: Two Xanadu nodes have a copy of the doc-
ument, and communicate to ensure that they are
both serving the ﬁle. Should one go down, the re-
maining server requests that another machine be-
come its companion - and hence the document is
always available. This rather heavy-handed ap-
proach has some down-sides - if the remaining ﬁle
were to become corrupted an incorrect document
may be re-mirrored, or both mirrors may go down
simultaneously. The corruption problem could be
lessened slightly using a form of MD5 checking5,
but the ﬁle would still be ofﬂine until a backup was
restored to the docuverse.
Continuing in the networking vein, latency is a
major problem in the Xanadu network. While disk
space and memory may be cheap, network connec-
tions are still a speed bottleneck. On the present
Internet this is bearable, as ﬁles tend to be static
5The MD5 algorithm provides a 128-bit“ﬁngerprint” from
a message, and it is allegedly infeasible to produce two mes-
sages withthe same ﬁngerprint. Further explanation is beyond
the scope of this paper, but interested readers may like to read
the MD5 RFC(a URLis provided inthe Recommended Read-
ing section).
HTML with images stored on the same server, but
the Xanadu model could involve a huge range of
documents from many sites. To view a document
would incur a large number of transfers from an
incredibly heterogeneous set of machines that may
even be running on dial-up connections. To en-
sure efﬁcient delivery would require either some
form of compression, or an intelligent method to
ensure popular documents are stored on machines
with fast connections.
In order to preserve this speed we must also con-
sider what data is being transferred. Whilst text is
easy to split into units such as pages, paragraphs,
and lines, some media cannot be stored in an eas-
ily separable form. The MPEG standard, for ex-
ample, relies on previous and following frame dif-
ferences to preserve space. To translate this format
into one which can be easily divided would require
preprocessing on the host, possibly reconstituting
the frames, then extracting the requested section.
Even on fast hardware, this could be a very inefﬁ-
cient technique, so the server would either require
some new ﬁle format that can be easily split into
parts, or could be forced to store the ﬁle in some
uncompressed format.
These areas alone suggest that Xanadu will re-
quire avery fast networked system. While this may
be ideal on a LAN, signiﬁcant improvements will
be required before it can be supported on a global
scale.
5 Social View
For decades, the idea of a desktop has been com-
monplace. Files have been stored in folders, and
disk drives have contained a mess of backup fold-
ers, temporary ﬁles, and mis-classiﬁed documents.
Studies [FFG96] have shown that users have difﬁ-
culty in:
￿ Organizing and ﬁnding information within hi-
erarchical ﬁle systems.
￿ Making use of archived information, which
3users normally discard so they are not over-
whelmed by it.
￿ Getting a “big picture” view.
Xanadu aims to reduce these problems by enabling
users to “organise and reorganise what is already
there without complication” [Nel87] and show-
ing them the ‘interconnections and commonalities’
whilst saving space. Add to this the concept of
making these documents available for revision by
others in the network, and the user has to adjust
to a new style of working - albeit one that closely
models the needs of a ‘real’ user.
For an author, the ability to publish a paper in
the docuverse provides a powerful new area for
both proﬁt and dissemination of work. As read-
ers discover the paper, they may transquote por-
tions in their own work. Whenever a fragment is
sent, a small ﬁnancial increment will be credited
for each byte shipped to the originating owner of
that byte [Nel87]. The problem lies in the assump-
tion that all users will behave correctly. For ex-
ample, Samuelson and Glushko provide an anal-
ogy [SG93] regarding a journalist at a confer-
ence. Having seen a paper presented, the journalist
rushes off, puts together a very poorly crafted ex-
planation of the ideas behind the paper, and pub-
lishes it in the docuverse. As he is now the au-
thoritative source on the topic, other users improve
on his paper, ﬁx the mistakes, and publish the new
version. But, as the papers still reference bytes
written by the journalist he can claim royalties on
a poor quality document. This demonstrates the
‘First Come, First Paid’ problem. It would be pos-
sible to lessen the effect of this if another author
released an independent paper on the same topic,
but it would not prevent people linking to the re-
vised version of the original.
The method proposed by Nelson to avoid ‘First
Come, First Paid’, and other legality issues is that
of an intermediary publisher. Similar to a paper
publisher, who makes a contract with a printer, a
Xanadu publisher contracts with a Xanadu service
provider [NP]. In making this contract, the pub-
lisher agrees to be responsible for any content that
they publish - including anything which may be
legally questionable. They also commit to paying
for storage space, and distributing author’s royal-
ties. Presumably the publisher would also ensure
that no low quality documents are placed in the
docuverse, although this would be hard to regulate.
K. Eric Drexler suggests that the publisher should
not be a total ﬁlter, but instead readers [should] be
able to set their front-end systems to display only
published documents [Dre86]. The effectiveness
of Xanadu relies on publishers to motivate authors
into publishing online - a difﬁcult choice for an au-
thor as it involves releasing their text to a huge au-
dience that is ready and able to review, criticise,
and otherwise dissect their work.
In addition to authors who are nervous about
being published online, many publishers are wor-
ried about losing control of printed journals. If an
online system is able to disseminate the informa-
tion that would otherwise be in their journals, the
printed journal will eventually become unneces-
sary and they will lose agood sourceof proﬁt. This
concern has been prevalent in the self-archiving
ﬁeld where the aim is to have papers available free
of charge, and Harnad [Har01] suggests that “once
a free, online version of the refereed research liter-
ature is available, virtually all researchers will pre-
fer to use the free online versions”. If it is possible
to pay a small amount to read a paper instead of
paying for a journal, most people will prefer to go
with the cheaper option.
The users, while getting a service that is very
competitive compared to physical journals, also
have to adapt to the new paradigm. There are two
variations to the Xanadu concept, the complete OS
with a ﬁle-system designed for transclusion and
services that work with existing OSes. Using a
Xanadu browser, the user must feel secure when
navigating links. If there is a sense of the ’clock
ticking and the price rising’ [SG93] as the user
browses, he will be unlikely to use it frequently,
and the lack of popularity would prevent publish-
4ers and authors from considering it for their doc-
uments. Ideally the network would consist of a
combination of both free and paid-for documents,
although as the World Wide Web already supports
this it will be difﬁcult to convey the advantages of
transclusion to readers.
The authors, publishers, and users who decide to
use Xanadu must be conﬁdent that it will work for
them. Users must have an intuitive yet powerful
front end as well as a feeling of security, while au-
thors and publishers must feel conﬁdent that pub-
lishing in the docuverse will get them a worthwhile
return.
6 Legal View
Xanadu, once implemented, will consist of a vast
pool of heterogeneous documents that are located
all over the world. Ginsburg [Gin95] sums up the
problem well: ‘If all kinds of works of authorship,
particularly those of intense creativity and imagi-
nation, are to embark willingly on the cyber-road,
then authors require some assurance that the jour-
ney will not turn into a hijacking’. U.S. copy-
right law requires only derivation to have a case,
and equal protection is afforded to works forming
part of a composite work as that given to com-
plete works [Mor99]. As Xanadu’s core consists of
works forming part of a composite work, it is nec-
essary to ensure that copyright laws do not cause
problems for readers. For example, if a competi-
tor transcluded an author’s work and used it to
their advantage, the legal line would be blurred.
In the current World Wide Web it is possible to
use frames to include documents from other loca-
tions, and this has caused legal disputes in the U.S.
An example case, Washington Post v. Total News
[was97], arose when Total News used frames to in-
clude content from the Washington Post page, but
then displayed third-part advertising that was ”in
competition with the advertising material located
on the plaintiff’s sites” [KN98]. Transclusion al-
lows this to be carried out in a more subtle man-
ner, so this should be a cause for concern. If the
publishers act as a moderator when viewing links
this may be avoided, but this assumes that the pub-
lisher is there at all, and that authors do not self-
publish. Furthermore, Ginsburg [Gin95] states that
the transmission of copyright work via linking may
also be an infringement of a copyright owner’s ex-
clusivedistribution right since this could amount to
the distribution of copies of the work to the public.
In order to circumvent these problems, Nelson
proposes transcopyright. This has the following
rules [NP]:
￿ Nothing is misquoted
￿ Nothing is quoted out of context (since origi-
nal context is immediately available: the cus-
tomer has the address of the portion in its
original setting).
￿ Royalty is automatic to the original publisher.
￿ Credit is automatic to the original author or
authors.
This would be the ideal solution except for the
problem of enforcement. Nelson [Nel97] states
that ”[the] system is not automatically enforced,
but neither is any feasible electronic copyright sys-
tem”. It deﬁnes a ”convenient method for honest
behaviour” but does not guarantee any form of reg-
ulation. Atpresent, thelegal state ofXanadu seems
to be very similar to that of the World Wide Web
but with the added complication of transclusion.
Nelson’s proposal is very idealistic, and I believe
it may need tightening into a more formal deﬁni-
tion to ﬁt a system where intellectual property is a
valuable asset.
7 Conclusion
Xanadu has evolved steadily over the last 30 years,
and is gradually getting closer to being a realisable
system. I believe there are two key factors that
are holding it back: current network technology,
5and the difﬁculty in building a community. There
are plans to create browser plugins that can handle
Xanalogical media, but I do not believe these will
be efﬁcient enough without advanced caching. The
bandwidth required to accumulate the data from a
large number of sources in a reasonable time is not
yet widely available, but as networking technol-
ogy advances it should be possible. Failing that,
Xanadu should be implementable in a LAN en-
vironment assuming an addressing scheme is de-
signed that can handle the tumbler system (possi-
bly similar to DNS methods).
The second factor is the difﬁculty in getting peo-
ple to transfer to a Xanadu methodology. It should
be relatively straightforward to give users access
to the services through a browser plug-in, as that
would keep an interface consistent with current in-
terfaces, but motivating authors and publishers to
put their work into the docuverse is harder. Tak-
ing documents from the comparitively safe paper
world and placing them into a Xanadu network is a
big step, as it gives other authors full access to re-
shape and criticise. This scenario is not new, as it
has been an issue with author self-archiving, but as
the Internet becomes more popular with authors it
should help boost the movement to a Xanadu docu-
verse.
Xanadu is not yet ready, but as technology be-
comes faster and publishers become more inclined
to publish electronically I believe it will prove a
very ﬂexible and powerful addition to the online
publishing era.
8 Recommended Reading
General Information about Xanadu
http://www.xanadu.com.au/general/
As We May Think by Vannevar Bush (cre-
ator of the memex)
http://www.isg.sfu.ca/
￿ duchier/misc/vbush/
Engines of Creation by K. Eric Drexler
http://www.foresight.org/EOC/
The MD5 Message-Digest Algorithm
http://www.rfc.net/rfc1321.html
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